ABSTRACT
INTRODUCTION
Superficial temporal artery (STA) is one of the external carotid artery branches which has the duty of feeding the scalp (1, 2) . The facial artery, maxillary artery, occipital artery and posterior auricular artery are other arteries as they feed the scalp (3, 7) . This artery divides as frontal and parietal branches after emerging from the external carotid artery in front of the tragus (3, 7) . There are some variations of this artery (1, 2) . STA has been used as an anastomosis artery for the anastomosis with distal branches of the middle cerebral artery in intracranial bypass surgery.
The volume rendering technique can be used in the three-dimensional evaluation of some anatomical structures such as STA. The volume rendering technique is a group of modalities for converting of two-dimensional images to three-dimensional images (1, 3, 7) . The two-dimensional images acquired
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by computerized tomography and magnetic resonance imaging are used to create the volume rendered images (1, 2, 3) . In this study, we used OsiriX software program for the volume rendering technique to create three-dimensional superficial temporal artery images. The results of this study and the feasibility of this technique are discussed under the light of published medical literature.
MATERIAL and METHODS
Neither additional radiological examination nor drug treatment was performed on any of the patients for this study. The patient population that was brought to our neurosurgery department because of subarachnoid hemorrhage included the cases, and we further decided to perform a 3D-CTA for cerebral aneurysm evaluation. The raw data of the 3D-CTA was transferred to a computational software database and recorded. The purpose of performing 3D-CTA was only the examination of the intracranial vascular pathology after the insult of subarachnoid hemorrhage. Some parts of these raw data were used for examination of the three dimensional anatomy of the STA by using a software program. No additional procedure was done to the patients.
The raw data obtained in DICOM format was transferred to the computer, which already had the OsiriX software program. The computer program created the three-dimensional STA images using these transferred raw data with the volume rendering technique. Three-dimensional images of the STA were evaluated in terms of the general shape of the complex, the location of the STA bifurcation, the distance from some anatomical landmarks, the inner diameter of the artery, and the type of the variations. The location of the STA bifurcation around the zygomatic arch was divided into three groups as above the superior margin of the zygomatic arch, over the zygomatic arch, and below the inferior margin of the zygomatic arch. The distance of the STA bifurcation was estimated according to three anatomical landmarks. One of them was the superior margin of the zygomatic arch if the bifurcation was located above the zygomatic arch. If the bifurcation of the STA was located below the zygomatic arch, the distance of the bifurcation was estimated from the inferior margin of the zygomatic arch. The distance of the artery from the pinna was also estimated in all cases. The inner diameter of the artery was estimated at three different points. One of them was the diameter of the parent artery at the location of the prebifurcation. Another of them was the frontal branch diameter. The last one was the parietal branch diameter. The types of the variations of the superficial temporal artery including frontal and parietal branches were also evaluated (Figure 1 and 2) .
RESULTS
The total number of patients was 53 (27 female and 26 male). The age range of the patients was estimated as 57.9±9.7 (Mean±SEM) years. None of any additional processes was performed to the patients throughout the study. The purpose of the radiological examination of the patients was only diagnosing and examining their own diseases. The radiological images of this examination were retrospectively transferred to a computer. The Three-Dimensional STA images were created with 3D-Volume Rendering Technique by using the OsiriX MD software program.
It was found that the location of the STA bifurcation was over the posterior third of the zygomatic arch in 58% of the cases. The location of the bifurcation was above the zygomatic arch in 40% of the cases. The location of the bifurcation was below the zygomatic arch in the remaining part of the cases (2%).
The superior margin of the zygomatic arch, mastoid tip and lateral epicanthus were selected as anatomical markers for estimation of the length of STA bifurcation. The STA bifurcation was located above the superior margin of the zygomatic arch in 21 patients (40%). The average length of the STA bifurcation from the superior margin of the zygomatic arch was estimated as 1.41±0.77 centimeters in cases with a superiorly located bifurcation. On the other hand, the average length of the STA bifurcation from the inferior margin of the zygomatic arch was estimated as 0.52±0.04 centimeters in cases with an inferiorly located bifurcation. The average length of the STA bifurcation from the mastoid tip was estimated as 3.9±1.26 centimeters. The length of the STA bifurcation from the lateral epicanthus at the same site is another parameter in the estimation of some important anatomical landmarks. The average length of the STA bifurcation from the lateral epicanthus was estimated as 6.58±0.48 centimeters. The length of the STA from the pinna was also estimated. The average length of the STA from the pinna was 0.80±0.11 centimeters. The internal diameter was also evaluated at three different places (parent artery, frontal branch, and parietal branch). The internal diameter of the parent artery of the STA was 0.26±0.04 centimeters. The internal diameter of the frontal branch of STA was 0.18±0.03 centimeters. The internal diameter of the parietal branch of STA was 0.15±0.02 centimeters. The common variations found were frontal branch duplication, parietal branch duplication, and frontal and/or parietal branch re-bifurcations.
DISCUSSION
Three-dimensional anatomical details of the STA can be imaged using the volume rendering technique. Gross microscopic and microsurgical anatomy of the structure may be evaluated using these images. The results of the present study revealed the following details of the STA anatomy. The STA is the one of the terminal branches of the external carotid artery. Digital Subtraction Angiography is still the most sensitive diagnostic procedure in the evaluation of intracranial and extracranial vascular lesions such as aneurysms and arteriovenous malformations (7) . At the same time, digital subtraction angiography is expensive, invasive, and brings an associated 1.5% to 2.0% risk of significant morbidity and mortality (9) . Computerized tomographic angiography with its three-dimensional advantage is a commonly used diagnostic application for intracranial aneurysm detection. In the published literature, the diagnostic sensitivity of computerized tomographic angiography was reported between the range of 70% and 96% depending on the size and location of the pathology (4, 6, 8, 10 ).
The volume rendering technique was first developed based on research at the Mayo Clinic in the 1970s (1). The following advances in image processing hardware and integration of new data manipulation techniques were provided by the University of North Carolina and Pixar (2, 5) . Afterwards, some important progress was achieved in parallel with hardware and software advancement in computer technology as well as image processing technology in neurological radiology. OsiriX is software for radiological image processing. Using the software can provide three-dimensional images. The threedimensional approach provides modern rendering modes such as multiplanar reconstruction, surface rendering, volume rendering, and maximum intensity projection. In present study, we used OsiriX software for the processing of DICOM images. This software may show the basal cerebral arteries and STA together with the bone structure of the cranial base and orbital cavity.
The results of present study revealed that the location of the STA bifurcation is mainly located over the posterior third of the zygomatic arch. Average distance from the lateral epicanthus was 6.58±0.48 centimeters. The distance from the mastoid tip was 3.9±1.26 centimeters. The gap between the pinna and STA was 0.80±0.11 centimeters. This distance is important when making skin incisions around this area.
The internal diameter of the STA is also evaluated using the volume rendering technique. This technique can provide useful information about the diameter and location of the artery in cases with aneurysmal subarachnoid hemorrhage. Location of the artery can be used during skin incision planning for the preservation of the artery. Preserving the artery may keep the source preserved as a by-pass artery for blood diversion from the external carotid circulation to the internal carotid circulation.
CONCLUSION
Three-dimensional images of the head including bone and vascular structure together may give some specific dynamic information. The microsurgical anatomy of the STA could be examined using three-dimensional volume rendered images from contrast-enhanced computerized tomographic examination. Digital estimations of the segments may also be made using these images.
